(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 294 076 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) Intci7: H02K 3/12, H 02 K 3/28, 


1 9.03.2003 Bu llet in 2003/1 2 


H02K 3/50 


(21) Application number: 02019724.0 




(22) Date of filing: 03.09.2002 




(84) Designated Contracting States: 


• Asao, Yoshihito 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Chiyoda-ku, Tokyo 100-8310 (JP) 


IE IT LI LU MC NL PT SE SK TR 


• Takizawa, Takushi 


Designated Extension States: 


Chiyoda-ku, Tokyo 100-8310 (JP) 


AL LT LV MK RO SI 


• Ohnishi, Yukiyoshi 




Chiyoda-ku, Tokyo 100-8310 (JP) 


(30) Priority: 17.09.2001 JP 2001281347 


• Hosokawa, Hiroshi 




Chiyoda-ku, Tokyo 100-8310 (JP) 


(71) Applicant: MITSUBISHI DENKI KABUSHIKI 




KAISHA 


(74) Representative: HOFFMANN - EITLE 


Tokyo 100-8310 (JP) 


Patent- und Rechtsanwalte 




Arabellastrasse 4 


(72) Inventors: 


. 81925 Miinchen (DE) 


• Oohashi, Atsushi 




Chiyoda-ku, Tokyo 100-8310 (JP) 





(54) Stator for an alternator and method for the mahufacture thereof 



(57) A stator winding is provided with three distrib- 
uted winding phase portions each constructed by install- 
ing a conductor wire in every third slot. Slot-housed por- 



tions of the conductor wires are formed with a rectangu- 
lar cross section and coil end portions are formed with 
a circular cross section. 



F I G. 2 




Q_ 
LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 1294076A2 l„> 



1 EP 1 2< 

Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an alternator, 
and particularly to a stator for an alternator mounted to 
an automobile, etc., enabling reductions in size and in- 
creased output, and to a method for the manufacture 
thereof. 

2. Description of the Related Art 

[0002] A conventional stator for an alternator is pre- 
pared by installing conductor wires having a circular 
cross section in slots of a stator core, then pressing the 
conductor wires housed inside the slots in a slot depth 
direction, and then making the slot openings half-open 
by flaring the tips of the tooth portions of the stator core 
to first and second circumferential sides. 
[0003] However, one problem has been that improve- 
ments in the output of tHe alternator cannot be achieved 
when conductor wires having a circular cross section 
are housed inside the slots because the space factor 
(the ratio occupied by the conductor wires in the slots) 
cannot be improved due to space inevitably arising be- 
tween the conductor wires. 

[0004] When conductor wires having a circular cross 
section are installed in the slots, the conductor wires 
cross each other inside the slots, and the conductor 
wires are not housed in an aligned state inside the slots. 
If conductor wires housed in this state are pressed in a 
slot depth direction, an electrically-insulating coating on 
the surface of the conductor wires is damaged, giving 
rise to short-circuiting among the conductor wires. As a 
result, another problem has been that the rate of pro- 
duction of the stator declines. 

[0005] In order to solve problems of this kind, a stator 
for an alternator is proposed in Japanese Patent Non- 
Examined Laid-Open No. SHO 63-194543, for example, 
which is prepared by preparing winding portions by 
winding conductor wires having a circular cross section 
for a predetermined number of winds, press forming por- 
tions of the conductor wires of these winding portions to 
be housed in the slots into a quadrangular cross section, 
and then installing the winding portions in the stator core 
such that the portions of the conductor wires formed with 
the quadrangular cross section are inserted into the 
slots. 

[0006] Figure 23 is a partial cross section showing a 
conventional stator for an alternator described in Japa- 
nese Patent Non-Examined Laid-Open No. SHO 
63-194543, for example, Figures 24 to 26 are all dia- 
grams explaining a method for forming a stator winding 
in the conventional stator for an alternator, Figure 27 is 
a perspective showing part of a stator core before instal- 
lation of the stator winding in the conventional stator for 
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an alternator, and Figures 28A and 28B are diagrams 
explaining a method for forming flange portions of the 
stator core in the conventional stator for an alternator. 
[0007] A conventional stator 1 for an alternator, as 

5 shown in Figure 23, includes: a stator core 2; and a sta- 
tor winding 4 installed in the stator core 2. 

[0008] The stator core 2 is prepared by laminating a 
predetermined number of steel sheets punched into a 
predetermined shape, being constructed such that tooth 

10 portions 7 disposed so as to extend radially inward from 
an annular core back portion 6 are arranged at a prede- 
termined pitch in a circumferential direction. Slots 3 are 
defined between adjacent pairs of the tooth portions 7. 
Flange portions 5 are formed on tip portions of each of 

15 the tooth portions 7 so as to project toward first and sec- 
ond circumferential sides. These flange portions 5 serve 
a function of collecting magnetic flux, and also serve a 
function of preventing popping out of the stator winding 
4 by closing approximately half a width of the openings 

20 of the slots 3. 

[0009] The stator winding 4 is installed in the stator 
core 2 such that three-phase output can be obtained. In 
each of the slots 3, as described below, slot-housed por- 
tions 12a formed by press-deforming a portion of con- 

25 ductor wires 11 having a circular cross section into a rec- 
tangular cross section are housed so as to line up in 
single rows in a radial direction. 

[0010] Furthermore, insulators 8 having high heat-tol- 
erance are mounted into each of the slots 3, ensuring 
30 electrical insulation between the stator core 2 and the 
stator winding 4. 

[0011] A method for forming the stator winding 4 will 
now be explained. 

[0012] First, as shown in Figure 24, a lap winding 10 

35 having a plurality of rectangular winding portions 12 is 
prepared by forming a first rectangular winding portion 
12 by winding one conductor wire 11 having a circular 
cross section into a substantially rectangular shape for 
a predetermined number of winds (six winds, for exam- 

40 pie), and then winding the conductor wire 11 projecting 
from this rectangular winding portion 12 for a predeter- 
mined number of winds so as to form a second rectan- 
gular winding portion 12, and so on. 
[0013] Next, each of the rectangular winding portions 

45 1 2 of the lap winding 1 0 are mounted onto a press form- 
ing machine 13, as shown in Figure 25. Here, the slot- 
housed portions 12a are superposed in single rows and 
inserted between a stopper 15 and slides 14 sfidably 
supported by springs 1 6. Then, the slot-housed portions 

50 12a are pressed in the direction of the arrow by a pusher 
17. Hence, as shown in Figure 26, the slot-housed por- 
tions 12a of the lap winding 10 are formed with a rec- 
tangular cross section. Moreover, coil end portions 12b 
linking the slot-housed portions 12a have a circular 

55 cross section. 

[0014] The slot-housed portions 12a of the lap wind- 
ing 10 constructed in this manner are inserted from an 
inner circumferential side into each of the slots 3 of the 
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stator core 2 shown in Figure 27, Here, the lap winding 
10 is installed in the stator core 2 by inserting the slot- 
housed portions 12a into every third slot 3. As shown in 
Figure 28A, the insulators 8 are mounted in each of the 
slots 3 and the slot-housed portions 12a are housed in 
six layers so as to line up in single rows in a radial di- 
rection. The stator winding 4 is constructed by installing 
three lap windings 10 in the stator core 2 such that the 
slots 3 into which the slot-housed portions 12a of each 
lap winding 1 0 are inserted are offset by one slot each. 
[001 5] Next, tip surfaces of the tooth portions 7 of the 
stator core 2 are pressed by a roller, etc., (not shown) 
in directions indicated by the arrows F in Figure 28B. 
Hence, penetrating apertures 9 formed on the tip por- 
tions of the tooth portions 7 are crushed, and portions 
on first and second circumferential sides of the pene- 
trating apertures 9 are pushed circumferentially out- 
ward, forming the flange portions 5. 
[0016] In this conventional stator 1, the slot-housed 
portions 12a having a rectangular cross section are 
housed in six layers in each of the slots 3 so as to line 
up in single rows in a radial direction. Bundles of six coil 
end portions 12b of each of the lap windings 10 leading 
out from any given slot 3 and leading into the next slot 
3 three slots* away in a first circumferential direction are 
each arranged at a pitch of six slots in a circumferential 
direction, constituting coil end groups. In these coil end 
groups, the maximum radial overlap of the bundles of 
coil end portions 12b is three bundles. 
[0017] In the conventional stator 1 constructed in this 
manner, because the slot-housed portions 12a of the lap 
winding 10 are formed with a rectangular cross section 
before being inserted into the slots 3, gaps are less likely 
to arise between the slot-housed portions 12a housed 
inside the slots 3. As a result, the space factor is im- 
proved, enabling improvements in the output of the al- 
ternator. 

[001 8] Because the press forming machine 1 3 is used 
to press deform the slot-housed portions 1 2a of the rec- 
tangular winding portions 12 of the lap winding 10 into 
a rectangular cross section after forming the lap winding 
10 using one conductor wire 11, the slot-housed por- 
tions 1 2a can be set between the slides 1 4 and the stop- 
per 15 in an aligned state, enabling the occurrence of 
damage to the electrically-insulating coating of the con- 
ductor wires 11 resulting from press deformation to be 
suppressed. As a result, the occurrence of short- 
circuiting among the conductor wires 11 is suppressed, 
enabling reductions in the rate of production of the stator 
1 to be prevented. 

[0019] Because the coil end portions 12b have a cir- 
cular cross section, the occurrence of damage to the 
electrically-insulating coating resulting from rubbing 
among the coil end portions 12b is suppressed, improv- 
ing electrical insulation. 

[0020] Because the conventional stator 1 for an alter- 
nator is constructed by installing three lap windings 10 
in the stator core 2 such that the slots 3 into which the 



slot-housed portions 12a of each lap winding 10 are in- 
serted are offset by one slot each, a maximum of three 
bundles of six coil end portions 12b overlap in a radial 
direction at the axial ends of the stator core 2. Thus, 

5 large bending stresses resulting from contact between 
the bundles of coil end portions 12b act on the coil end 
portions 12b. These bending stresses are concentrated 
at the boundary between the slot-housed portions 12a 
and the coil end portions 1 2b and one problem has been 

10 that the electrically-insulating coating at the boundary is 
damaged, giving rise to incidents of short-circuiting 
among the conductor wires 11 . 

[0021] In the method for manufacturing the conven- 
tional stator 1 for an alternator, because the slot-housed 

15 portions 1 2a of the lap winding 1 0 are inserted into each 
of the slots 3 of the stator core 2 from an inner circum- 
ferential side and then the flange portions 5 projecting 
from the first and second circumferential sides are 
formed by pressing the tip surfaces of the tooth portions 

20 7 from an inner circumferential side and plastically de- 
forming the tip portions of the tooth portions 7, irregu- 
larities arise in the shape of the flange portions 5. As a 
result, another problem has been that when the stator 
1 is mounted to an alternator, the magnetic circuit be- 

25 comes unbalanced, leading to aggravation of electro- 
magnetic noise. 

SUMMARY OF THE INVENTION. 

30 [0022] The present invention aims to solve the above 
problems and an object of the present invention is to 
provide a stator for an alternator and a method for the 
manufacture thereof enabling incidents of short- 
circuiting among conductor wires to be reduced by con- 

35 structing a stator winding using distributed windings to 
distribute coil end portions projecting from any given slot 
to first and second circumferential sides, and reducing 
the number of coil end portions linking slot-housed por- 
tions in slot pairs to reduce bending stresses resulting 

40 from contact between bundles of the coil end portions, 
thereby suppressing the occurrence of damage to an 
electrically-insulating coating on the conductor wires. 
[0023] Another object of the present invention is to 
provide a method for manufacturing a stator for an al- 

45 ternator enabling aggravation of electromagnetic noise 
when mounted to the alternator to be reduced by insert- 
ing the slot-housed portions of the stator winding into 
slots of a stator core from an axial direction and also 
enabling flange portions to be formed integrally on tips 

so of tooth portions by press punching during formation of 
the stator core. 

[0024] With the above object in view, a stator for an 
alternator of the present invention includes a statorcore 
composed of an annular core back portion, tooth por- 
55 tions each projecting radially inward from the core back 
portion, the tooth portions being disposed at a predeter- 
mined pitch in a circumferential direction, slots defined 
by adjacent pairs of the tooth portions, and flange por- 
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tions projecting to first and second circumferential sides 
from tip portions of the tooth portions; and stator winding 
composed of a plurality of winding phase portions each 
installed in the stator core in a slot group constituted by 
• a group of the slots disposed at intervals of a predeter- 5 
mined number of slots. Each of the winding phase por- 
tions is constructed by installing a conductor wire in a 
distributed winding in the slot group so as to project from 
first and second ends of the slots, be distributed on first 
and second circumferential sides, and enter each of the 10 
slots the predetermined number of slots away on thef irst 
and second circumferential sides. Each of slot-housed 
portions of the conductor wire housed in the slots is 
formed with a flat cross section. Each of coil end portions 
of the conductor wire linking end portions of the slot- is 
housed portions is formed with a substantially circular 
cross section. The slot-housed portions are housed in- 
side each of the slots in a plurality of layers so as to be 
arranged in at least a single row in a radial direction. 
[0025] Therefore, the space factor is improved, there- 20 
by enabling an alternator having high output to be 
achieved. Further, the occurrence of damage to the 
electrically-insulating coating resulting from rubbing 
among the coil end portions is suppressed and the oc- 
currence of damage to the electrically-insulating coating 25 
resulting from bending stresses arising due to contact 
among the coil end portions is suppressed, thereby pro- 
viding a stator for an alternator having superior electrical 
insulation. 

[0026] With the above object in view, a method for 30 
manufacturing a stator for an alternator of the present 
invention includes the steps of preparing the stator core 
by laminating and integrating a magnetic steel sheet, 
preparing an annular winding unit by winding a conduc- 
tor wire formed with a substantially circular cross section 35 
into a ring shape for a predetermined number of winds, 
and preparing a star-shaped winding unit by bending the 
annular winding unit into a star-shaped pattern. In the 
star-shaped pattern, straight slot-housed portions are 
arranged at a predetermined slot pitch in a circumferen- *o 
tial direction with a longitudinal direction thereof sub- 
stantially aligned in a radial direction, end portions of 
slot-housed portions separated by the predetermined 
slot pitch in approximately half of the slot-housed por- 
tions are alternately linked on an inner circumferential *s 
side and an outer circumferential side by first U-shaped 
coil end portions, end portions of slot-housed portions 
separated by the predetermined slot pitch in a remain- 
der of the slot-housed portions are alternately linked on 
an inner circumferential side and an outer circumferen- so 
tial side by second U-shaped coil end portions, and the 
first coil end portions linking the end portions of approx- 
imately half of the slot-housed portions and the second 
coil end portions linking the end portions of the remain- 
der of the slot-housed portions face each other in a ra- 55 
dial direction. Further, the method includes the steps of 
plastically deforming the slot-housed portions of the 
star-shaped winding unit into a flat cross section, pre- 



paring a cylindrical distributed winding unit by reshaping 
the star-shaped winding unit such that the slot-housed 
portions are arranged at the predetermined slot pitch in 
a circumferential direction with a longitudinal direction 
thereof parallel to an axial direction, and mounting the 
distributed winding unit into the stator core from an axial 
direction by inserting the slot-housed portions inside the 
slots while passing a portion of the coil end portions at 
a first axial end of the distributed winding unit between 
the flange portions constituting slot openings. 
[0027] Therefore, a stator having a high space factor 
and superior electrical insulation can be manufactured. 
Further, a stator enabling the shape of the tips of the 
tooth portions to be formed with high dimension preci- 
sion can be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Figure 1 is a longitudinal section showing an auto- 
motive alternator mounted with a stator according 
to Embodiment 1 of the present invention; 
Figure 2 is a perspective showing the stator for an 
automotive alternator according to Embodiment 1 
of the present invention; 

Figure 3 is a partial cross section showing a slot- 
housed state of a stator winding in the stator for an 
automotive alternator according to Embodiment 1 
of the present invention; 

Figure 4A is a process diagram explaining a proc- 
ess for manufacturing a star-shaped winding unit in 
a method for manufacturing the stator for an auto- 
motive alternator according to Embodiment 1 of the 
present invention; 

Figure 4B is another process diagram explaining 
the process for manufacturing the star-shaped 
winding unit in the method for manufacturing the 
stator for an automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 4C is another process diagram explaining 
the process for manufacturing the star-shaped 
winding unit in the method for manufacturing the 
stator for an automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 5 is a perspective showing a distributed 
winding unit in the stator for an automotive alterna- 
tor according to Embodiment 1 of the present inven- 
tion; 

Figure 6 is a partial enlargement showing the dis- 
tributed winding unit in the stator for an automotive 
alternator according to Embodiment 1 of the 
present invention; 

Figure 7 is a process diagram explaining a process 
for mounting the distributed winding unit into a sta- 
tor core in the method for manufacturing the stator 
for an automotive alternator according to Embodi- 
ment 1 of the present invention; 
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Figure 8 is a partial cross section explaining the 
process for mounting the distributed winding unit in 
the stator core in the method for manufacturing the 
stator for an automotive alternator according to Em- 
bodiment 1 of the present invention; 5 
Figure 9 is a partial cross section showing a slot- 
housed state of a stator winding in a stator for an 
automotive alternator according to Embodiment 2 
of the present invention; 

Figure 1 0A is a process diagram explaining a proc- 10 
ess for manufacturing a star-shaped winding unit in 
a method for manufacturing a stator for an automo- 
tive alternator according to Embodiment 3 of the 
present invention; 

Figure 10B is another process diagram explaining 15 
the process for manufacturing the star-shaped 
winding unit in the method for manufacturing the 
stator for an automotive alternator according to Em- 
bodiment 3 of the present invention; 
Figure 10C is another process diagram explaining 20 
the process for manufacturing the star-shaped 
winding unit in the method for manufacturing the 
stator for an automotive alternator according to Em- 
bodiment 3 of the present invention; 
Figure 11 is a perspective showing a stator for an 25 
automotive alternator according to Embodiment 4 
of the present invention; 

Figure 12 is a partial cross section showing a slot- 
housed state of a stator winding in the stator for an 
automotive alternator according to Embodiment 4 30 
of the present invention; 

Figure 13 is a perspective showing a distributed 
winding phase portion in the stator for an automo- 
tive alternator according to Embodiment 4 of the 
present i nvention ; 35 
Figure 1 4 is an enlargement showing part of the dis- 
tributed winding phase portion in the stator for an 
automotive alternator according to Embodiment 4 
of the present invention; 

Figure 1 5 is a partial perspective showing part of a 40 
stator for an automotive alternator according to Em- 
bodiment 5 of the present invention; 
Figure 16 is an end elevation explaining connec- 
tions in a distributed winding phase portion in a sta- 
tor winding of the stator for an automotive alternator 45 
according to Embodiment 5 of the present inven- 
tion; 

Figure 1 7 is a diagram explaining a method for man- 
ufacturing a winding assembly used in the stator 
winding of the statorfor an automotive alternator ac- so 
cording to Embodiment 5 of the present invention; 
Figure 1 8 is another diagram explaining the method 
for manufacturing the winding assembly used in the 
stator winding of the stator for an automotive alter- 
nator according to Embodiment 5 of the present in- 55 
vention; 

Figure 1 9A is another diagram explaining the meth- 
od for manufacturing the winding assembly used in 



the stator winding of the stator for an automotive 
alternator according to Embodiment 5 of the 
present invention; 

Figure 19B is another diagram explaining the meth- 
od for manufacturing the winding assembly used in 
the stator winding of the stator for an automotive 
alternator according to Embodiment 5 of the 
present invention; 

Figure 20 is a side elevation showing the winding 
assembly used in the stator winding of the stator for 
an automotive alternator according to Embodiment 
5 of the present invention; 

Figure 21 is a perspective explaining a winding con- 
struction of the winding assembly used in the stator 
winding of the statorfor an automotive alternator ac- 
cording to Embodiment 5 of the present invention; 
Figure 22A is a process cross section explaining a 
method for manufacturing the stator of the automo- 
tive alternator according to Embodiment 5 of the 
present invention; 

Figure 22B is another process cross section ex- 
plaining the method for manufacturing the stator of 
the automotive alternator according to Embodiment 
5 of the present invention; 

Figure 22C is another process cross section ex- 
plaining the method for manufacturing the stator of 
the automotive alternator according to Embodiment 
5 of the present invention; 

Figure 23 is a partial cross section showing a con- 
ventional stator for an alternator; 
Figure 24 is a diagram explaining the method for 
forming a stator winding in the conventional stator 
for an alternator; 

Figure 25 is another diagram explaining the method 
for forming the stator winding in the conventional 
stator for an alternator; 

Figure 26 is yet another diagram explaining the 
method for forming the stator winding in the conven- 
tional stator for an alternator; 
Figure 27 is a perspective showing part of a stator 
core before installation of the stator winding in the 
conventional stator for an alternator; 
Figure 28A is a diagram explaining a method for 
forming flange portions of the stator core in the con- 
ventional statorfor an alternator; and 
Figure 28B Is another diagram explaining the meth- 
od for forming the flange portions of the stator core 
in the conventional stator for an alternator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The preferred embodiments of the present in- 
vention will now be explained with reference to the draw- 
ings. 
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Embodiment 1 

[0030] Figure 1 is a longitudinal section showing an 
automotive alternator mounted with a stator according 
to Embodiment 1 of the present invention, Figure 2 is a 5 
perspective showing the stator for an automotive alter- 
nator according to Embodiment 1 of the present inven- 
tion, and Figure 3 is a partial cross section showing a 
slot-housed state of a stator winding in the stator for an 
automotive alternator according to Embodiment 1 of the 10 
present invention. 

[0031] As shown in Figure 1 , an automotive alternator 

20 includes: a housing 23 constituted by a front bracket 

21 and a rear bracket 22 made of aluminum, each being 
substantially cup-shaped; a shaft 6 disposed inside the 15 
housing 23, a pulley 24 being secured to a first end por- 
tion of the shaft 26; a Lundell-type rotor 27 secured to 
the shaft 26; fans 25 secured to first and second axial 
end portions of the rotor 27; a stator 40 secured to the 
housing 23 so as to envelop the rotor 27; slip rings 28 20 
secured to a second end portion of the shaft 26 for sup- 
plying electric current to the rotor 27; a pair of brushes 

29 sliding on surfaces of the slip rings 28; a brush holder 

30 accommodating the brushes 29; a rectifier 31 elec- 
trically connected to the stator 40 for converting alter- 
nating current generated in the stator 40 into direct cur- 
rent; and a regulator 32 fitted onto the brush holder 30, 
the regulator 32 adjusting the magnitude of the alternat- 
ing voltage generated in the stator 40. 
[0032] The rotor 27 includes: a field winding 33 for 
generating magnetic flux on passage of an electric cur- 
rent; and a pair of first and second pole cores 34 and 35 
disposed so as to cover the field winding 33, magnetic 
poles being formed in the first and second pole cores 
34 and 35 by the magnetic flux from the field winding 
33. The first and second pole cores 34 and 35 are made 
of iron, each has a plurality of first and second claw- 
shaped magnetic poles 34a and 35a having a substan- 
tially trapezoidal outermost diameter surface shape dis- 
posed on an outer circumferential edge portion at even 
angular pitch in a circumferential direction so as to 
project axially, and the first and second pole cores 34 
and 35 are fixed to the shaft 26 facing each other such 
that the first and second claw-shaped magnetic poles 
34a and 35a intermesh. 

[0033] The stator 40 is constituted by: a cylindrical 
stator core 41 formed by laminating a magnetic steel 
sheet; and a stator winding 42 installed in the stator core 
41 . The stator 40 is held between the front bracket 21 
and the rear bracket 22 so as to form a uniform air gap 
between outer circumferential surfaces of the claw- 
shaped magnetic poles 34a and 35a and an inner cir- 
cumferential surface of the stator core 41 . 
[0034] Next, a construction of the stator 40 will be ex- 
plained with reference to Figures 2 and 3. 
[0035] The stator core 41 is prepared into a cylindrical 
shape by laminating and integrating a magnetic steel 
sheet into a predetermined shape, the stator core 41 



having: an annular core back portion 41 a; tooth portions 
41b each projecting radially inward from the core back 
portion 41a, the tooth portions 41b being disposed at a 
predetermined pitch in a circumferential direction; slots 
41c defined by adjacent pairs of the tooth portions 41 b; 
and flange portions 41 d projecting outward to first and 
second circumferential sides from tip portions of the 
tooth portions 41b. Here, the slots 41c are formed at a 
ratio of one per phase per pole at an even angular pitch 
in a circumferential direction. In other words, for twelve 
claw-shaped magnetic poles 34a and 35a in the rotor 
27, thirty-six slots 41 c are disposed in the stator core 41 
to obtain the stator winding 42, which is composed of 
one three-phase alternating-current winding. Further- 
more, because each of the tooth portions 41 b is formed 
with a rectangular cross section, the slots 41c defined 
by adjacent pairs of the tooth portions 41b are formed 
with a substantially trapezoidal shape tapering radially 
inward. 

[0036] The stator winding 42 is provided with three 
distributed winding phase portions 43 mounted to the 
stator core 41 such that the slots 41c in which each dis- 
tributed winding phase portion 43 is mounted are offset 
by one slot. The three-phase alternating-current winding 
is constructed by forming the three distributed winding 
phase portions 43 into an alternating-current connec- 
tion, such as a Y connection, for example. 
[0037] Each of the distributed winding phase portions 
43 is constructed by winding one conductor wire 44 
composed of a copper wire material covered with an 
electrically-insulating coating into a wave shape in every 
third slot 41c for five turns in a first circumferential direc- 
tion and then continuing to wind the conductor wire 44 
into a wave shape in every third slot 41c for five turns in 
a second circumferential direction. Portions of the con- 
ductor wires 44 housed inside the slots 41c (hereinafter 
called "slot-housed portions 44a") are formed with a rec- 
tangular cross section, and portions of the conductor 
wires 44 linking slot-housed portions 44a housed in slots 
41c three slots apart at axial ends of the stator core 41 
(hereinafter called "coil end portions 44b") are formed 
with a circular cross section. Here, the length of the long 
sides of the rectangular cross section of the slot-housed 
portions 44a is larger than a gap between the flange por- 
tions 41 d (a slot opening), and the diameter of the coil 
end portions 44b is smaller than the gap between the 
flange portions 41 d. 

[0038] As shown in Figure 3, the slot-housed portions 
44a are housed in each of the slots 41c with the longi- 
tudinal axes of the rectangular cross sections aligned in 
a circumferential direction and so as to line up in two 
rows in a radial direction and be arranged in five layers 
in close contact with each other. Moreover, in Figure-3, 
it appears as if there are large gaps between the slot- 
housed portions 44a and inner wall surfaces of the slots 
41c, but this is because the arrangement of the slot- 
housed portions 44a is shown schematically, and in re- 
ality, the slot-housed portions 44a are housed closely 
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inside the slots 41c. Furthermore, although not shown 
in Figure 3, insulators may be mounted- inside the slots 
41c. 

[0039] Five of the slot-housed portions 44a housed in 
any given slot 41c are each linked at a first axial end of 
the stator core 41 by a coil end portion 44b to five slot- 
housed portions 44a housed in the slot 41c three slots 
away in a first circumferential direction, and each linked 
at a second axial end of the stator core 41 by a coil end 
portion 44b to five slot-housed portions 44a housed in 
the slot 41 c three slots away in a second circumferential 
direction. The five remaining slot-housed portions 44a 
housed in the given slot 41c are each linked at the first 
axial end of the stator core 41 by a coil end portion 44b 
to five slot-housed portions 44a housed in the slot 41c 
three slots away in the second circumferential direction, 
and each linked at the second axial end of the stator 
core 41 by a coil end portion 44b to five slot-housed por- 
tions 44a housed in the slot 41 c three slots away in the 
first circumferential direction. 

[0040] In the stator winding 42 constructed in this 
manner, the conductor wires 44 projecting from each of 
the slots 41c are distributed half each onto first and sec- 
ond circumferential sides. In each of the distributed 
winding phase portions 43, bundles of five coil end por- 
tions 44b are arranged in a circumferential direction at 
a pitch of three slots. Thus, at the first and second axial 
ends of the stator core 41 , layers of the bundles of coil 
end portions 44b arranged in a circumferential direction 
at a pitch of three slots are arranged in three layers so 
as to be mutually offset by one slot, constituting coil end 
groups 42f and 42r of the stator winding 42. 
[0041] In the automotive alternator 20 constructed in 
this manner, an electric current is supplied from a battery 
(not shown) through the brushes 29 and the slip rings 
28 to the field winding 33, generating magnetic flux. The 
first claw-shaped magnetic poles 34a on the first pole 
core 34 are magnetized into North-seeking (N) poles by 
this magnetic flux, and the second ciaw-shaped mag- 
netic poles 35a on the second pole core 35 are magnet- 
ized into South-seeking (S) poles. 
[0042] At the same time, the pulley 24 is driven by an 
engine and the rotor 27 is rotated by the shaft 26. A ro- 
tating magnetic field is applied to the stator core 41 due 
to the rotation of the rotor 27, generating an electromo- 
tive force in the stator winding 42. The alternating elec- 
tromotive force generated in the stator winding 42 is 
converted into direct current by the rectifier 31 and the 
magnitude of the voltage output therefrom is adjusted 
by the regulator 32. The output from the rectifier 31 re- 
charges the battery. 

[0043] According to Embodiment 1 , because the slot- 
housed portions 44a is formed with a rectangular cross 
section, the slot-housed portions 44a are housed inside 
the slots 41c in close contact with each other. As a result, 
gaps between the slot-housed portions 44a are re- 
duced, enabling improvements in space factor, thereby 
enabling an alternator having high output to be 



achieved. 

[0044] The coil end portions 44b rub against each oth- 
er when the distributed winding phase portions 43 is be- 
ing installed in the stator core 41 , when the coil end por- 

s tions 44b of the distributed winding phase portions 43 
installed in the stator core 41 are being shaped, and 
when vibrations from an automobile act on the automo- 
tive alternator 20. Now, if the coil end portions have a 
rectangular cross section, electrically-insulating coating 

10 rubbed by the corner portions thereof is damaged. How- 
ever, in this stator 40, because the coil end portions 44b 
. are formed with a circular cross section, the occurrence 
of damage to the electrically-insulating coating resulting 
from rubbing among *the coil end portions 44b is sup- 

15 pressed, improving electrical insulation. 

[0045] Because the stator winding 42 is constituted 
by the distributed winding phase portions 43, the 
number of coil end portions 44b linking slot-housed por- 
tions 44a housed inside slots 41c three slots apart is 

20 reduced by half. In other words, in this stator 40, the 
number of coil end portions 44b linking slot-housed por- 
tions 44a housed inside slots 41c three slots apart is 
five. In the conventional winding construction, if a con- 
ductor wire is wound so as to enter a slot three slots 

25 away in the first circumferential direction whenever it 
projects from any given slot, the number of coil end por- 
tions is ten. 

[0046] Thus, if the thickness of the coil end portions 
and the n umber of winds of the conductor wires are iden- 

30 tical, bending stresses which act on each of the coil end 
portions 44b as a result of the bundles of the coil end 
portions 44b overlapping in a radial direction and com- 
ing into contact with each other are reduced in this stator 
40 compared to the conventional winding construction 

35 jn proportion to the reduction in the number of coil end 
portions 44b linking slot-housed portions 44a housed in- 
side slots 41c three slots apart. 

[0047] As a result, even if these bending stresses are 
concentrated at a boundary portion between the slot- 
40 housed portions 44a and the coil end portions 44b, the 
electrically-insulating coating at the boundary portion is 
less likely to be damaged, suppressing the occurrence 
of incidents of short-circuiting among the conductor 
wires 44. 

45 [0048] Each of the distributed winding phase portions 
43 is constructed by installing the conductor wire 44 so 
as to project from first and second ends of each of the 
slots 41c, be distributed on first and second circumfer- 
ential sides, and enter slots 41 c three slots away on both 

50 the first and second circumferential sides. Thus, radial 
overlap of the bundles of coil end portions 44b is dis- 
persed in a circumferential direction, reducing radial ex- 
pansion in the coil end groups 42f and 42r. 
[0049] Hence, because there are fewer circumferen- 

55 tial irregularities on the coil end groups 42f and 42r, wind 
noise arising as a result of pressure fluctuations be- 
tween the coil end groups 42f and 42r and the rotor 27 
and between the coil end groups 42f and 42r and the 
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fans 25 is reduced during operation of the automotive 
alternator 20. 

[0050] Because the slot-housed portions 44a are 
housed inside the slots 41c so as to line up in two rows 
in a radial direction, the flatness ratio of the slot-housed 
portions (i.e., the length of the long sides of the rectan- 
gular cross section divided by the length of the short 
sides of the rectangular cross section) can be reduced 
compared to when the slot-housed portions are housed 
inside the slots so as to line up in single rows in a radial 
direction. Moreover, when the slot-housed portions are 
formed by plastically deforming conductors having a cir- 
cular cross section into a rectangular cross section, the 
degree of deformation of the conductors decreases as 
the flatness ratio is reduced. Thus, the occurrence of 
damage to the electrically-insulating coating in the plas- 
tic deformation process is suppressed in proportion to 
the reduction in the flatness ratio of the slot-housed por- 
tions: improving electrical insulation. 
[0051 ] Because the length of the long sides of the rec- 
tangular cross section of the slot-housed portions 44a 
is formed so as to be largerthan the slot openings, there 
is no dislodgment of the slot-housed portions 44a from 
the slots 41c. 

[0052] Next, a method for manufacturing the stator 40 
will be explained with reference to Figures 4A to 8. 
[0053] Figures 4A to 4C are process diagrams ex- 
plaining a process for manufacturing a star-shaped 
winding unit in a method for manufacturing the stator for 
an automotive alternator according to Embodiment 1 of 
the present invention, Figure 5 and 6 are a perspective 
and a partial enlargement, respectively, showing a dis- 
tributed winding unit in the stator for an automotive al- 
ternator according to Embodiment 1 of the present in- 
vention, Figure 7 is a process diagram explaining a proc- 
ess for mounting the distributed winding unit in a stator 
core in the method for manufacturing the stator for an 
automotive alternator according to Embodiment 1 of the 
present invention, and Figure 8 is a partial cross section 
explaining the process for mounting the distributed 
winding unit in the stator core in the method for manu- 
facturing the stator for an automotive alternator accord- 
ing to Embodiment 1 of the present invention. 
[0054] First, as shown in Figure 4A, a first annular 
winding unit 45A is prepared by winding one conductor 
wire 44A composed of a copper wire material having a 
circular cross section covered with an electrically-insu- 
lating coating into a ring shape for five winds, and a sec- 
ond annular winding unit 45B is prepared by winding the 
conductor wire 44A into a ring shape for another five 
winds. 

[0055] Next, as shown in Figure 4B, first and second 
star-shaped winding sub-units 46A and 46B having a 
star-shaped pattern in which end portions of adjacent 
pairs of straight slot-housed portions 46a are alternately 
linked on an inner circumferential side and an outer cir- 
cumferential side by U-shaped coil end portions 46b are 
prepared by bending the first and second annular wind- 



ing units 45A and 45B. In the first and second star- 
shaped winding sub-units 46A and 46B, twelve bundles 
of five slot-housed portions 46a are arranged so as to 
have a predetermined spacing in a circumferential di- 
5 rection. 

[0056] Then, a star-shaped winding unit 46 is pre- 
pared, as shown in Figure 4C, by folding overthe portion 
of the conductor wire 44A linking the first and second 
star-shaped winding sub-units 46A and 46B, and stack- 

10 ing the first and second star-shaped winding sub-units 
46A and 46B on top of one another such that the peak 
portions and the valley portions of the two star-shaped 
patterns are superposed, that is, such that the coil end 
portions 46b face each other in a radial direction. 

15 [0057] Next, each of the bundles of slot-housed por- 
tions 46a of the star-shaped winding unit 46 is set in a 
press forming machine (not shown). Here, the slot- 
housed portions 46a in each of the bundles are stacked 
in single rows in the direction of pressure. All of the bun- 

20 dies of slot-housed portions 46a are pressed simultane- 
ously by pushers (not shown). Hence, the slot-housed 
portions 46a are plastically deformed from a circular 
cross section into a rectangular cross section. Each of 
the slot-housed portions 46a have a substantially iden- 

25 tical cross-sectional shape. Here, the press forming ma- 
chine has a predetermined number of pairs of the slides 
14 and the stoppers 15 from the conventional press 
forming machine 13 arranged in a circumferential direc- 
tion. 

30 [0058] As shown in Figures 5 and 6, a distributed 
winding unit 47 is prepared by reshaping the star- 
shaped winding unit 46 into a cylindrical shape. In this 
distributed winding unit 47, a conductor wire 44 is wound 
for ten turns into a wave winding. Bundles of ten slot- 

35 housed portions 47a (corresponding to the slot-housed 
portions 46a plastically deformed into a rectangular 
cross section) are arranged at a pitch of three slots in a 
circumferential direction such that the longitudinal direc- 
tions thereof are parallel to an axial direction. Further- 

40 more, five of the slot-housed portions 47a in each of the 
bundles are alternately linked at first and second axial 
ends by coil end portions 47b (corresponding to the coil 
end portions 46b). The remaining five slot-housed por- 
tions 47a in each of the bundles are alternately linked 

45 in a similar manner at first and second axial ends by coil 
end portions 47b. Moreover, the coil end portions 47b 
linking each set of five slot-housed portions 47a face 
each other in an axial direction. 

[0059] Next, the coil end portions 47b at the first axial 
so end of the distributed winding unit 47 are bent radially 
inward. As shown in Figure 7, the distributed winding 
unit 47 is mounted to the stator core 41 from an axial 
direction. Here, as shown in Figure 8, portions of the coil 
end portions 47b bent radially inward which are in the 
55 vicinity of the slot-housed portions 47a are moved in an 
axia! direction between the flange portions 41 d (the slot 
openings), leading the slot-housed portions 47a inside 
the slots 41c. After the slot-housed portions 47a have 
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been ted completely Inside the slots 41c, the coil end 
portions 47b bent radially inward are restored so as to 
.extend in an axial direction, completing the mounting of 
a first distributed winding unit 47 into the stator core 41 . 
[0060] A second distributed winding unit 47 is similarly 
mounted to the stator core 41 such that the slots 41c 
into which it is inserted are offset by one slot. A third 
distributed winding unit 47 is similarly mounted to the 
stator core 41 , obtaining the stator 40 shown in Figure 2. 
[0061] According to the method for manufacturing the 
stator according to Embodiment 1 , because the slot- 
housed portions 47a of the distributed winding units 47 
are formed with the rectangular cross section before be- 
ing inserted into the slots 41c, the slot-housed portions 
47a can be housed inside the slots 41c without gaps. 
As a result the space factor is improved, enabling im- 
provements in the output of the alternator. 
[0062] Because the slot-housed portions 46a of the 
star-shaped winding unit 46 are press-deformed into the 
rectangular cross section using the press forming ma- 
chine after forming the star-shaped winding unit 46 us- 
ing conductor wires 44A having a circular cross section, 
the slot-housed portions 46a can be set in a jig (between 
the slides and the stoppers, for example) in an aligned 
state, enabling suppression of the occurrence of dam- 
age to the electrically-insulating coating resulting from 
press-deforming entangled conductor wires 44A. As a 
result, the occurrence of short-circuiting among the con- 
ductor wires .44 is suppressed, enabling reductions in 
the rate of production of the stator 40 to be prevented. 
[0063] Because all of the slot-housed portions 46a are 
press-formed simultaneously, the process for plastically 
deforming the slot-housed portions into the rectangular 
cross section is simplified. 

[0064] Because the coil end portions 47b have a cir- 
cular cross section, the occurrence of damage to the 
electrically-insulating coating resulting from rubbing 
among the coil end portions 47b in the manufacturing 
process for the stator is suppressed, improving electri- 
cal insulation. 

[0065] Because the distributed winding units 47 are 
mounted to the stator core 41 from an axial direction 
such that the slot-housed portions 47a are inserted in- 
side the slots 41 c while a portion of the coil end portions 
47b of the distributed winding units 47 pass between the 
flange portions 41 d, the flange portions 41 d can be 
formed on the tip portions of the tooth portions 41b at 
the stage when the stator core 41 is prepared. Thus, the 
process for preparing the flange portions 5 in the method 
for manufacturing the conventional stator 1 is no longer 
necessary, enabling simplification of the manufacturing 
process. 

[0066] Because the flange portions 41 d can be simul- 
taneously formed when the magnetic steel sheet which 
is the material of the stator core 41 is press formed, the 
shapes of the flange portions 41 d, that is, the shapes of 
the tips of the tooth portions 41 b can be formed with high 
precision. Thus, the magnetic circuit is formed in a well- 



balanced manner when the stator 40 is mounted to an 
automotive alternator, suppressing aggravation of elec- 
tromagnetic noise. 

[0067] Because the coil end portions 47b of the dis- 
5 tributed winding units 47 are bent radially inward before 
being mounted to the stator core 41 , the coil end por- 
tions 47b do not come into contact with the stator core 
41 , enabling a portion of the coil end portions 47b to be 
passed between the flange portions 41 d. Thus, mount- 
10 jng workability of the distributed winding units 47 is im- 
proved, and the occurrence of damage to the electrical- 
ly-insulating coating resulting from contact between the 
coil end portions 47b and the stator core 41 is also sup- 
pressed. 

is [0068] Moreover, in Embodiment 1 above, the slots 
41c are formed with a substantially trapezoidal shape, 
but the tooth portions may be formed with a trapezoidal 
cross section and the slots formed with a substantially 
rectangular shape. In that case, because the bundles of 

20 slot-housed portions 44a arranged in two rows in a radial 
direction can be made to conform to the shapes of the 
slots, the space factor is raised, and displacement of the 
slot-housed portions inside the slots by vibration is sup- 
pressed, suppressing the occurrence of damage to the 

25 electrically-insulating coating. . 

[0069] In the stator 40 according to Embodiment 1 
above, an electrically-insulating resin such as a varnish 
may be applied to the coil end groups 42f and 42r. In 
that case, because the electrically-insulating resin fixes 

30 the coil end portions 44b together, eliminating rubbing 
among the coil end portions 44b resulting from vibration , 
deterioration of electrical insulation accompanying dam- 
age to the electrically- insulating coating on the coil end 
portions 44b is suppressed. 

35 [0070] Embodiment 1 above has been explained for 
cases in which the distributed winding units 47 are 
mounted to the stator core 41 one at a time, but the three 
distributed winding units 47 may also be stacked con- 
centrically and mounted to the stator core 41 together. 

40 in that case, the process for mounting the distributed 
winding units 47 to the stator core 41 is simplified. 

Embodiment 2 

45 [0071] Figure 9 is a partial cross section showing a 
slot-housed state of a stator winding in a stator for an 
automotive alternator according to Embodiment 2 of the 
present invention. 

[0072] In Embodiment 2, slot-housed portions 44c 
50 having rectangular cross sections are arranged in five 
layers so as to line up in two rows in a radial direction 
inside the slots 41c. The slot-housed portions 44c are 
formed such that the flatness ratio of each decreases 
sequentially from the outermost layer to the innermost 
55 layer and formed such that bundles of the slot-housed 
portions 44c arranged in two rows in a radial direction 
conform to the substantially trapezoidal shape of the 
slots 41c. 
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[0073] Moreover, the rest of this embodiment is con- 
structed in a similar manner to Embodiment 1 above. 
[0074] According to Embodiment 2, because the slot- 
housed portions 44c are formed such that the flatness 
ratio of each decreases sequentially from the outermost 
layer to the innermost layer and formed such that bun- 
dles of the slot-housed portions 44c arranged in two 
rows in a radial direction conform to the substantially 
trapezoidal shape of the slots 41c, the space factor is 
increased. In addition, displacement of the slot-housed 
portions 44c inside the slots 41c by vibration is sup- 
pressed, suppressing the occurrence of damage to the 
electrically-insulating coating. 

[0075] The process for plastically deforming the slot- 
housed portions into the rectangular cross sections ac- 
cording to Embodiment 2 will now be explained. 
[0076] First, a star-shaped winding unit 46 is prepared 
in a similar manner to Embodiment 1 above. 
[0077] Next, slot-housed portions 46a from each of 
the bundles of slot-housed portions 46a in the first and 
second star-shaped winding sub-units 46A and 46B 
constituting the star-shaped winding unit 46 are set in 
the press forming machine one at a time, twenty-four 
slot-housed portions 46a being plastically deformed into 
rectangular cross sections at the same time. This proc- 
ess is repeated five times to deform all of the slot- 
housed portions 46a into rectangular cross sections. 
Here, the pressure from the pusher in each step of the 
process is varied sequentially to form slot-housed por- 
tions 44c having five kinds of cross-sectional shape 
such that the flatness ratio of each is reduced sequen- 
tially in five stages, 

[0078] The slot-housed portions 44c prepared in this 
manner, as shown in Figure 9, are arranged inside the 
slots 41c in two rows in a radial direction such that the 
flatness ratio thereof decreases sequentially from the 
outermost layer to the innermost layer. The bundles of 
slot-housed portions 44c housed inside the slots 41c 
conform to the substantially trapezoidal shape of the 
slots 41c. 

[0079] Consequently, because the flatness ratio of the 
slot-housed portions can be adjusted at will if the proc- 
ess for forming the slot-housed portions of the star- 
shaped winding unit into the rectangular cross sections 
according to Embodiment 2 is applied, the slot-housed 
portions can be housed at a high space factor even in 
slots 41c having a substantially trapezoidal shape. 

Embodiment 3 

[0080] In Embodiment 1 above, the star-shaped wind- 
ing unit 47 is prepared using one conductor wire 44A, 
but in Embodiment 3, a star-shaped winding unit 49 is 
prepared using two conductor wires 44A. 
[0081] Moreover, the rest of this embodiment is con- 
structed in a similar manner to Embodiment 1 above. 
[0082] The process for manufacturing the star- 
shaped winding unit 49 according to Embodiment 3 will 



now be explained with reference to Figure 10. 
[0083] First, a annular winding unit 48 is prepared by 
winding one conductor wire 44A into a ring shape for 
five turns. Similarly, another annular winding unit 48 is 
5 prepared by winding another conductor wire 44A into a 
ring shape for five turns. 

[0084] Next, first and second star-shaped winding 
sub-units 49A and 49B having a star-shaped pattern in 
which end portions of adjacent pairs of straight slot- 

w housed portions 49a are alternately linked on an inner 
circumferential side and an outer circumferential side by 
U-shaped coil end portions 49b are prepared by bending 
each of the annular winding units 48. In the first and sec- 
ond star-shaped winding sub-units 49A and 49B, twelve 

is bundles of five slot-housed portions 49a are arranged 
so as to have a predetermined spacing in a circumfer- 
ential direction, respectively. 

[0085] Then, the star-shaped winding unit 49 is pre- 
pared by stacking the first and second star-shaped 
20 winding sub-units 49A and 49B on top of one another 
such that the peak portions and the valley portions of 
both star-shaped patterns are superposed, that is, such 
that the coil end portions 49b face each other in a radial 
direction. 

25 [0086] The star-shaped winding unit 49 prepared in 
this manner is constructed in a similar manner to the 
star-shaped winding unit 47 according to Embodiment 
1 except for the fact that the first and second star- 
shaped winding sub-units 49A and 49B are each pre- 

30 pared using one conductor wire 44A. 

[0087] Thus, a stator equivalent to the stator 40 ac- 
cording to Embodiment 1 can be obtained by adopting 
the same manufacturing method as in Embodiment 1 
above using the star-shaped winding unit 49 according 

35 to Embodiment 3 in place of the star-shaped winding 
unit 47 according to Embodiment 1 . 
[0088] Consequently, similar effects to those in Em- 
bodiment 1 above can also be achieved in Embodiment 
3. 

40 

Embodiment 4 

[0089] Figure 1 1 is a perspective showing a stator for 
an automotive alternator according to Embodiment 4 of 

45 the present invention, Figure 1 2 is a partial cross section 
showing a slot-housed state of a stator winding in the 
stator for an automotive alternator according to Embod- 
iment 4 of the present invention, Figure 1 3 is a perspec- 
tive showing a distributed winding phase portion in the 

50 stator for an automotive alternator according to Embod- 
iment 4 of the present invention, and Figure 14 is an 
enlargement showing part of the distributed winding 
phase portion in the stator for an automotive alternator 
according to Embodiment 4 of the present invention. 

55 [0090] In Figure 11 , a stator core 41 A is prepared into 
a cylindrical shape by laminating and integrating a mag- 
netic steel sheet pressed into a predetermined shape, 
slots 41 c being formed in the stator core 41 A at an even 
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angular pitch in a circumferential direction at a ratio of 
two per phase per pole. In other words, for the twelve 
claw-shaped magnetic poles in the rotor 27, seventy- 
two slots 41 c are disposed in the stator core 41 A to ob- 
tain a stator winding 42A composed of two three-phase 
alternating-current windings. Moreover, except for the 
fact that the slots 41c are formed at a ratio of two per 
phase per pole, the stator core 41 A is constructed in a 
similar manner to the stator core 41 described above. 
[0091 ] The stator winding 42 A is provided with six dis- 
tributed winding phase portions 43A mounted to the sta- 
tor core 41 A such that the slots 41c in which each dis- 
tributed winding phase portion 43A is mounted are offset 
by one slot each. Two three-phase alternating-current 
windings are each constructed by forming three of the 
distributed winding phase portions 43A into an alternat- 
ing-current connection, such as a Y connection, for ex- 
ample. 

[0092] Each of the distributed winding phase portions 
43A, as shown in Figures 13 and 14, is constructed by 
winding one conductor wire 44 composed of a copper 
wire material covered with an electrically-insulating 
coating into a wave shape in every sixth slot 41c for 
three turns in a first circumferential direction and then 
continuing to wind the conductor wire 44 into a wave 
shape in every sixth slot 41c for three turns in a second 
circumferential direction. Slot-housed portions 44a of 
the conductor wires 44 housed inside the slots 41 c are 
formed with a rectangular cross section, and coil end 
portions 44b linking slot-housed portions 44a housed in 
slots 41c six slots apart at axial ends of the stator core 
41 A are formed with a circular cross section. In addition, 
linking portions between the slot-housed portions 44a 
and the coil end portions 44b are formed with a flat cross 
section, constituting slot-opening passing portions 44d. 
[0093] As shown in Figure 12, the slot-housed por- 
tions 44a are housed in each of the slots 41c with the 
longitudinal axes of the rectangular cross sections 
aligned in a circumferential direction and so as to line 
up in single rows in a radial direction and be arranged 
in six layers in close contact with each other. 
[0094] Here : the length of the long sides of the rec- 
tangular cross section of the slot-housed portions 44a 
is larger than gaps between the flange portions 41 d (the 
slot openings). The longitudinal axes of the flat cross 
sections of the slot-opening passing portions 44d are 
perpendicular to the longitudinal axes of the rectangular 
cross sections of the slot-housed portions 44a, the 
length of the minor axes of the flat cross sections of the 
slot-opening passing portions 44d being smaller than 
the gaps between the flange portions 41 d. 
[0095] Three of the slot-housed portions 44a housed 
in any given slot 41c are each linked at a first axial end 
of the stator core 41 A by a coil end portion 44b to three 
slot-housed portions 44a housed in the slot 41 c six slots 
away in a first circumferential direction, and each linked 
at a second axial end of the stator core 41 A by a coil 
end portion 44b to three slot-housed portions 44a 



housed in the slot 41c six slots away in a second cir- 
cumferential direction. The three remaining slot-housed 
portions 44a housed in the given slot 41 care each linked 
at the first axial end of the stator core 41 A by a coil end 

5 portion 44b to three slot-housed portions 44a housed in 
the slot 41 c six slots away in the second circumferential 
direction, and each linked at the second axial end of the 
stator core 41 A by a coil end portion 44b to three slot- 
housed portions 44a housed in the slot 41c six slots 

10 away in the first circumferential direction. 

[0096] In the stator winding 42A constructed in this 
manner, the conductor wires 44 projecting from each of 
the slots 41 c are distributed half each onto first and sec- 
ond circumferential sides. In each of the distributed 

15 winding phase portions 43A, bundles of three coil end 
portions 44b are arranged in a circumferential direction 
at a pitch of six slots. Thus, at the first and second axial 
ends of the stator core 41 A, layers of the bundles of coil 
end portions 44b arranged in a circumferential direction 

20 at a pitch of six slots are arranged in six layers so as to 
be mutually offset by one slot, constituting the coil end 
groups 42f and 42r of the stator winding 42A. 
[0097] Consequently, similar effects to those in Em- 
bodiment 1 above can also be achieved in the stator40A 

25 constructed in this manner. 

[0098] In this stator 40A, because the slots 41c are 
formed at a ratio of two per phase per pole, the shape 
of the slots is narrow compared to slots formed at a ratio 
of one per phase per pole. Furthermore, the slot-housed 

30 portions 44a are arranged inside the slots 41c so as to 
line up in single rows in a radial direction. As a result, 
the flatness ratio of the slot-housed portions 44a is re- 
duced, enabling suppression of the occurrence of dam- 
age to the electrically-insulating coating during forma- 
ts tion of the slot-housed portions 44a. 

[0099] Because slot-opening passing portions 44d 
having a flat cross section having a width which is thin- 
ner than the slot openings are formed on the linking por- 
tion between the slot-housed portions 44a and the coil 

40 end portions 44b, the slot-housed portions 44a can be 
inserted inside the slots 41c while passing the slot-open- 
ing passing portions 44d through the slot openings dur- 
ing mounting of the distributed winding phase portions 
43 A. As a result, contact between the conductor wires 

45 44 and the stator core 41 A can be avoided, suppressing 
the occurrence of damage to the electrically-insulating 
coating. 

[0100] Next, a method for manufacturing the distrib- 
uted winding units constituting the distributed winding 

50 phase portions 43A will be explained. 

[0101] First, by the process shown in Figures 4A to 
4C, a star-shaped winding unit is prepared in which first 
and second star-shaped winding sub-units each formed 
by winding a conductor wire 44A for three turns are 

55 stacked on top of one another such that the peak por- 
tions and the valley portions of both star-shaped pat- 
terns are superposed, that is, such that the coil end por- 
tions face each other in a radial direction. 
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[0102] Next, each of the bundles of slot-housed por- 
tions of the star-shaped winding unit is set in a press 
forming machine, and all of the bundles of slot-housed 
portions are pressed simultaneously by pushers. 
Hence, the slot-housed portions of the star-shaped 
winding unit are plastically deformed from a circular 
cross section into a rectangular cross section. 
[0103] Next, the slot-opening passing portions 44d 
having a flat cross section are formed by plastically de- 
forming the coil end portions in the vicinity of the slot- 
housed portions into a flat cross section using the press 
forming machine. 

[0104] A distributed winding unit having an identical 
shape to the distributed winding phase portion 43A 
shown in Figures 13 and 14 is prepared by reshaping 
the star-shaped winding unit into a cylindrical shape. 
[0105] Next, the coil end portions at a first axial end 
of the distributed winding unit prepared in this manner 
(i.e., at the end where the slot-opening passing portions 
are formed) are bent radially inward. The distributed 
winding unit is mounted to the stator core 41 A from an 
axial direction. Here : the slot-opening passing portions 
44d formed on the coil end portions in the vicinity of the 
slot-housed portions are moved in an axial direction be- 
tween the flange portions 41 d, leading the slot-housed 
portions inside the slots 41c. After the slot-housed por- 
tions have been led completely inside the slots 41c, the 
coil end portions bent radially inward are restored so as 
to extend in an axial direction, completing the mounting 
of a first distributed winding unit into the stator core 41 A. 
[0106] Second to sixth distributed winding units are 
similarly mounted to the stator core 41 A, such that the 
slots 41c they are inserted into are offset by one slot 
each, obtaining the stator 40A shown in Figure 12. 
[0107] In Embodiment 4, because slot-opening pass- 
ing portions 44d having a flat cross section having a 
width which is thinner than the slot openings are formed 
on the coil end portions 44b in the vicinity of the slot- 
housed portions 44a, the slot-housed portions 44a can 
be inserted inside the slots 41c while passing the slot- 
opening passing portions 44d through the slot openings 
during mounting of the distributed winding units. As a 
result, contact between the conductor wires 44 and the 
stator core 41 A can be avoided, suppressing the occur- 
rence of damage to the electrically-insulating coating. 
[0108] Because the slot-opening passing portions 
44d are formed, the diameter of the coil end portions 
44b can be increased. In other words, reductions in the 
resistance of the conductor wires 44 become possible, 
suppressing the generation of heat during energization 
and enabling increased output. 

[0109] Moreover, in Embodiment 4 above, the proc- 
ess for forming the slot-housed portions of the star- 
shaped winding unit into rectangular cross sections ac- 
cording to Embodiment 2 above may also be adopted 
to form the slot-housed portions 44a such that the flat- 
ness ratio of each decreases sequentially from the out- 
ermost layer to the innermost layer, thereby making the 



bundles of slot-housed portions 44a housed inside the 
slots 41c conform to the substantially trapezoidal shape 
of the slots 41c. 

[0110] Furthermore, in Embodiment 4 above, a stator 
5 core 41 A in which slots 41c are formed at a ratio of two 
per phase per pole is used, but similar effects can also 
be achieved by using a stator core in which slots are 
formed at a ratio of three or more per phase per pole. 

10 Embodiments 

[0111] Figure 15 is a partial perspective showing part 
of a stator for an automotive alternator according to Em- 
bodiment 5 of the present invention, Figure 16 is an end 
is elevation explaining connections in a distributed wind- 
ing phase portion in a stator winding of the stator for an 
automotive alternator according to Embodiment 5 of the 
present invention, Figure 17 is a diagram explaining a 
method for manufacturing a winding assembly used in 
20 the stator winding of the stator for an automotive alter- 
nator according to Embodiment 5 of the present inven- 
tion, Figure 1 8 is another diagram explaining the method 
for manufacturing the winding assembly used in the sta- 
tor winding of the stator for an automotive alternator ac- 
25 cording to Embodiment 5 of the present invention, Fig- 
ure 19A is another diagram explaining the method for 
manufacturing the winding assembly used in the stator 
winding of the stator for an automotive alternator ac- 
cording to Embodiment 5 of the present invention, Fig- 
30 ure 19B is another diagram explaining the method for 
manufacturing the winding assembly used in the stator 
winding of the stator for an automotive alternator ac- 
cording to Embodiment 5 of the present invention, Fig- 
ure 20 is a side elevation showing the winding assembly 
35 used in the stator winding of the stator to ran automotive 
alternator according to Embodiment 5 of the present in- 
vention, Figure 21 is a perspective explaining a winding 
construction of the winding assembly used in the stator 
winding of the stator for an automotive alternator ac- 
40 cording to Embodiment 5 of the present invention, Fig- 
ure 22 A is a process cross section explaining a method 
for manufacturing the stator of the automotive alternator 
according to Embodiment 5 of the present invention, 
Figure 22B is another process cross section explaining 
45 the method for manufacturing the stator of the automo- 
tive alternator according to Embodiment 5 of the present 
invention, and Figure 22C is another process cross sec- 
tion explaining the method for manufacturing the stator 
of the automotive alternator according to Embodiment 
so 5 of the present invention. Moreover, in Figure 1 6, solid 
lines indicate connections at the first end of the stator 
core, broken lines indicate connections at the second 
end of the stator core, black dots indicate joint portions, 
and 1 , 7, 13, etc., through 91 represent slot numbers. 
55 [0112] In Figure 15, a stator 50 is constituted by: a 
stator core 51 composed of a laminated core formed into 
a cylindrical shape, a plurality of slots 51c extending in 
an axial direction being formed in the stator core 51 at 
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a predetermined pitch in a circumferential direction so 
as to open onto an inner circumferential side; a stator 
winding 52 formed by installing a plurality of continuous 
conductor wires in the slots 51c; and an insulator 53 
mounted to each of the slots 51c. 
[0113] The stator core 51 is provided with: an annular 
core back portion 51a; tooth portions 51b having a trap- 
ezoidal cross section each projecting radially inward 
from the core back portion 51a, the tooth portions 51b 
being disposed at a predetermined pitch in a circumfer- 
ential direction; substantially rectangular slots 51c de- 
fined by adjacent pairs of the tooth portions 51b; and 
flange portions 51 d projecting outward to first and sec- 
ond circumferential sides from tip portions of the tooth 
portions 51b. Moreover this stator 50 applies to an au- 
tomotive alternator mounted with a rotor in which the 
number of claw-shaped magnetic poles is sixteen, nine- 
ty-six slots 51c being formed in the stator core 51. In 
other words, the slots 51c are formed at a ratio of two 
per phase per pole. 

[0114] The stator winding 52 is provided with a plural- 
ity of winding phase portions in each of which one con- 
ductor wire 60 is installed in a wave winding so as to fold 
over outside the slots 51c at first and second end sur- 
faces of the stator core 51 and alternately occupy an 
inner layer and an outer layer in a slot depth direction in 
every sixth slot of the slots 51c. 

[0115] Here, a copper wire material covered with an 
electrically-insulating coating is used for the conductor 
wires 60. Portions of the conductor wires 60 housed in- 
side the slots 51 c (slot-housed portions 60a) are formed 
with a rectangular cross section , and portions of the con- 
ductor wires 60 each connecting in series a slot-housed 
portion 60a in the inner layer in a first slot 51 c and a slot- 
housed portion 60a in the outer layer in a second slot 
51c six slots away at the first and the second end sur- 
faces of the stator core 51 (coil end portions 60b) are 
formed with a circular cross section. 
[0116] Next, a winding construction of a distributed 
winding phase portion 55 constituting the stator winding 
52 will be explained in detail with reference to Figure 1 6. 
Moreover, in each of the slots 51 a, slot-housed portions 
of the conductor wires 60 are arranged in a single row 
in order of Address 1 , Address 2, Address 3, and Ad- 
dress 4 from a radially-inner side. 
[0117] The distributed winding phase portion 55 is 
constituted by first to fourth winding sub-portions 61 to 
64 each composed of one conductor wire 60. The first 
winding sub-portion 61 is constructed by wave winding 
one conductor wire 60 into every sixth slot from Slot 
Numbers 1 to 91 so as to alternately occupy Address 1 
and Address 2 in the slots 51 c. The second winding sub- 
portion 62 is constructed by wave winding a conductor 
wire 60 into every sixth slot from Slot Numbers 1 to 91 
so as to alternately occupy Address 2 and Address 1 in 
the slots 51c. The third winding sub-portion 63 is con- 
structed by wave winding a conductor wire 60 into every 
sixth slot from Slot Numbers 1 to 91 so as to alternately 



occupy Address 3 and Address 4 in the slots 51c. The 
fourth winding sub-portion 64 is constructed by wave 
winding a conductor wire 60 into every sixth slot from 
Slot Numbers 1 to 91 so as to alternately occupy Ad- 

5 dress 4 and Address 3 in the slots 51c. In each of the 
slots 51c, four slot housed portions 60a of the conductor 
wires 60 are arranged so as to line up in a single row in 
a radial direction with longitudinal axes of the rectangu- 
lar cross sections thereof aligned radially. 

10 [0118] At the first end surface of the stator core 51 , a 
winding start end portion 62a of the second winding sub- 
portion 62 projecting from Address 2 of Slot Number 1 
of the slots 51c and a winding finish end portion 64b of 
the fourth winding sub-portion 64 projecting from Ad- 

15 dress 3 of Slot Number 91 of the slots 51 c are tungsten- 
inert gas (TIG) welded, and a winding start end portion 
64a of the fourth winding sub-portion 64 projecting from 
Address 4 of Slot Number 1 of the slots 51c and a wind- 
ing finish end portion 62b of the second winding sub- 

20 portion 62 projecting from Address 1 of Slot Number 91 
of the slots 51 c are TIG welded, forming a two-turn wind- 
ing. 

[0119] At the second end surface of the stator core 
51 , a winding start end portion 61a of the first winding 

25 sub-portion 61 projecting from Address 1 of Slot Number 
1 of the slots 51c and a winding finish end portion 63b 
of the third winding sub-portion 63 projecting from Ad- 
dress 4 of Slot Number 91 of the slots 51 c are TIG weld- 
ed, and a winding start end portion 63a of the third wind- 

30 ing sub-portion 63 projecting from Address 3 of Slot 
Number 1 of the slots 51 c and a winding finish end por- 
tion 61b of the first winding sub-portion 61 projecting 
from Address 2 of Slot Number 91 of the slots 51c are 
TIG welded, forming a two-turn winding. 

35 [0120] In addition, the coil end portion 60b of the con- 
ductor wire 60 of the third winding sub-portion 63 pro- 
jecting at the first end surface of the stator core 51 from 
Address 3 of Slot Number 61 of the slots 51c and Ad- 
dress 4 of Slot Number 67 of the slots 51c is cut, and 

40 the coil end portion 60b of the conductor wire 60 of the 
fourth winding sub-portion 64 projecting at the first end 
surface of the stator core 51 from Address 3 of Slot 
Number 67 of the slots 51c and Address 4 of Slot 
Number 73 of the slots 51c is cut. A first cut end 63c of 

45 the third winding sub-portion 63 and a first cut end 64c 
of the fourth winding sub-portion 64 are joined together 
to form the four-turn distributed winding phase portion 
55 in which the first to fourth winding sub-portions 61 to 
64 are connected in series. 

50 [0121] Moreover, a second cut end 63d of the third 
winding sub-portion 63 and a second cut end 64d of the 
fourth winding sub-portion 64 become an output wire (O) 
and a neutral point (N), respectively. 
[01 22] A total of six distributed winding phase portions 

55 55 are formed in a similar manner by offsetting the slots 
51 c in which the conductor wires 60 are installed by one 
slot each. 

[0123] Two three-phase alternating-current windings 
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are each constructed by forming three of the distributed 
winding phase portions 55 into a Y connection, for ex- 
ample, to obtain the stator50. Moreover, the two three- 
phase alternating current windings constitute the stator 
winding 52. 

[0124] in the stator 50 constructed in this manner, the 
slot-housed portions 60a, which are formed with a rec- 
tangular cross section, are arranged so as to line up in 
single rows in a slot depth direction inside each of the 
slots 51c with the flat surfaces thereof brought into close 
contact with side wall surfaces of each of the slots 51c 
by means of the insulators 53. 

[0125] In pairs of slots 51c separated by six slots, at 
a first axial end of the stator core 51 , the slot-housed 
portions 60a housed in Address 1 and Address 2 of the 
pair of slots 51c are connected in series by a coil end 
portion 60b formed with a circular cross section, and the 
slot-housed portions 60a housed in Address 3 and Ad- 
dress 4 of the pair of slots 51c are connected in series 
by a coil end portion 60b. These two coil end portions 
60b are arranged so as to be separated in a radial di- 
rection. Hence, the coil end portions 60b are arranged 
neatly in rows at a pitch of one slot in a circumferential 
direction so as to be separated from each other in a ra- 
dial direction and a circumferential direction, constitut- 
ing a coil end group 52r. 

[0126] Similarly, in pairs of slots 51c separated by six 
slots, at a second axial end of the stator core 51, the 
slot-housed portions 60a housed in Address 1 and Ad- 
dress 2 of the pair of slots 51c are connected in series 
by a coil end portion 60b, and the slot-housed portions 
60a housed in Address 3 and Address 4 of the pair of 
slots 51c are connected in series by a coil end portion 
60b. These two coil end portions 60b are arranged so 
as to be separated in a radial direction. Hence, the coil 
end portions 60b are arranged neatly in rows at a pitch 
of one slot in a circumferential direction so as to be sep- 
arated from each other in a radial direction and a cir- 
cumferential direction, constituting a coil end group 52f. 
[0127] In the coil end groups 52f and 52r, the conduc- 
tor wires 60 projecting from any given slot 51c are dis- 
tributed half each to first and second circumferential 
sides and lead into slots 51c six slots away on the first 
and second circumferential sides, respectively. 
[0128] Consequently, similar effects to those in Em- 
bodiment 1 above can also be achieved in Embodiment 
5 because the stator winding 52 is constituted by the 
distributed winding phase portions 55, the slot-housed 
portions 60a are formed with the rectangular cross sec- 
tion, and the coil end portions 60b are formed with a cir- 
cular cross section. The space factor of the conductors 
in the slots 51c can be increased, thereby enabling an 
alternator having high output to be achieved. 
[0129] Furthermore, according to Embodiment 5, re- 
ductions in the size of the stator 50 are enabled because 
alignment in rows and increased density of the coil end 
groups 52f and 52r are enabled. 
[01 30] Next, a method for manufacturing the stator 50 



will be explained in detail with reference to Figures 17 
to 22C. 

[0131] First, twelve continuous conductor wires 65 
are lined up at a pitch of one slot in a plane. Then, as 

5 shown in Figure 17, the twelve conductor wires 65 are 
folded over together at a predetermined pitch (at the po- 
sitions of the double-dotted chain lines), forming a belt- 
like winding unit 56 in which the twelve conductor wires 
65 are wound into a helical shape so as to be inclined 

10 at an angle of a degrees relative to a center line L, as 
shown in Figure 18. The conductor wires 65 are each 
composed of a copper wire material formed with a cir- 
cular cross section covered with an electrically- insulat- 
ing coating. 

15 [01 32] A first pair of pin groups 70 is inserted between 
the conductor wires 65 from a front side of the winding 
unit 56 at positions separated by a distance D in a width 
direction of the winding unit 56. Similarly, a second pair 
of pin groups 70 is inserted between the conductor wires 

20 65 from a rear side of the winding unit 56 at positions 
separated by a distance D in a width direction of the 
winding unit 56. In addition, position-regulating pin 
groups 71 are inserted between the conductor wires 65 
at edge portions in a width direction of the winding unit 

25 56. Hence, the first, second, and position-regulating pin 
groups 70 and 71 are set as shown in Figure 1 8. Here, 
the distance D substantially matches a groove length of 
slots 59c of a laminated body 59 described below (an 
axial length of the stator core 51). 

30 [0133] Then, the pin groups 70 in the first pair of pin 
groups 70 inserted between the conductor wires 65 from 
the front side of the winding unit 56 are moved in mutu- 
ally opposite directions in a longitudinal direction of the 
winding unit 56, as indicated by solid arrows in Figure 

35 18. Similarly, the pin groups 70 in the second pair of pin 
groups 70 inserted between the conductor wires 65 from 
the rear side of the winding unit 56 are moved in mutually 
opposite directions in the longitudinal direction of the 
winding unit 56, as indicated by broken arrows in Figure 

40 18. At this time, the conductor wires 65 are prevented 
from coming apart because the position-regulating pin 
groups 71 are inserted between the conductor wires 65. 
[0134] Thus, the portions of the conductor wires 65 
positioned between the pairs of pin groups 70 are de- 

45 formed so as to become perpendicular to the longitudi- 
nal direction of the winding unit 56. Hence, straight por- 
tions 57a deformed so as to be perpendicular to the lon- 
gitudinal direction of the winding unit 56 are superposed 
and form pairs in a front-to-back direction of the winding 

50 unit 56, ninety-six pairs being arranged at a pitch of one 
slot in the longitudinal direction of the winding unit 56. 
The portions of the conductor wires 65 positioned out- 
side the pairs of pin groups 70 become linking portions 
linking straight portions 57a six slots apart. The beltlike 

55 winding unit 57 prepared in this manner is constructed 
into a winding construction equivalent to the winding as- 
sembly 58 shown in Figure 20 described below except 
for the fact that the straight portions 57a have a circular 
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cross section. In other words, the winding unit 57 is con- 
structed such that the conductor wires 65 are formed 
into a pattern in which the straight portions 57a are dis- 
posed at a pitch of six slots and linked by the linking 
portions, and adjacent pairs of the straight portions 57a 
are alternately offset by a width (w) of the conductor 
wires 65 on a first and second side in the width direction 
by the linking portions, pairs of conductor wires 65 being 
formed by disposing two conductor wires 65 so as to be 
offset by a pitch of six slots from each other with straight 
portions 57a superposed, six pairs of conductor wires 
65 being offset by a pitch of one slot from each other. 
[0135] Next, the beltlike winding unit 57 is set in a 
press jig 72. As shown in Figures 19A and 19B, this 
press jig 72 is constituted by: a die 73 in which press 
grooves 74 are arranged at a pitch of one slot; and a 
press tool 75 on which press bars 75a are arranged at 
a pitch of one slot. The press grooves 74 are formed 
with a groove length substantially matching the groove 
length of the slots 59c of the laminated body 59 de- 
scribed below (the axial length of the stator core 51), 
and each is constituted by: a first press groove portion 
74a having a groove width equivalent to the diameter of 
the conductor wires 65; and a second press groove por- 
tion 74b having a groove width which is narrower than 
the groove width of the first press groove portion 74a, 
the second press groove portion 74b being formed so 
as to follow on from the first press groove portion 74a. 
The press bars 75a have a length substantially matching 
the groove length of the press grooves 74 and a width 
substantially matching the groove width of the second 
press groove portions 74b. 

[0136] Then, as shown in Figure 19A, the bettlike 
winding unit 57 is set in the die 73 such that a pair of 
straight portions 57a is housed inside the first press 
groove portion 74a of each of the press grooves 74. 
Thereafter, the press tool 75 is set such that a press bar 
75a is positioned inside the first press groove portion 
74a of each of the press grooves 74, and the press tool 
75 is moved downward in Figure 19A. 
[0137] Hence, the straight portion 57a of each of the 
pairs are pressed and are pushed from the first press 
groove portions 74a into the second press groove por- 
tions 74b while plastically deforming, eventually coming 
into contact with bottom portions of the second press 
groove portions 74b. The straight portions 57a of each 
of the pairs are pressed further by the press tool 75 to 
form slot-housed portions 60a having a rectangular 
cross section as shown in Figure 19B. Thereafter, the 
press tool 75 is pulled out and the beltlike winding unit 
57 is extracted from the die 73 to obtain the winding as- 
sembly 58 shown in Figure 20. 

[0138] The winding assembly 58 prepared in this 
manner is constructed such that ninety-six pairs of the 
slot-housed portions 60a which are superposed in a di- 
rection that is perpendicular to the surface of the page 
in Figure 20 (corresponding to the thickness direction of 
the winding assembly 58) are arranged at a pitch of one 



slot and any given slot-housed portion 60a on a first side 
in the thickness direction in a first pair of the slot-housed 
portions 60a is linked by a coil end portion 60b to a slot- 
housed portion 60a on a second side in the thickness 
5 direction in a second pair of the slot-housed portions 60a 
six slots away. In other words, as shown in Figure 21 , 
conductor wires 60 are formed into a pattern in which 
the slot-housed portions 60a are disposed at a pitch of 
six slots and linked by the coil end portions 60b, and 
10 adjacent pairs of the slot-housed portions 60a are alter- 
nately offset by a width (w)*of the conductor wires 60 on 
a first and second side in the width direction by the coil 
end portions 60b, pairs of conductor wires 60 being 
formed by disposing two conductor wires 60 so as to be 
is offset by a pitch of six slots from each other with slot- 
housed portions 60a superposed. Six pairs of the con- 
ductor wires 60 constructed in this manner are arranged 
so as to be offset by a pitch of one slot from each other 
to constitute the winding assembly 58. 
20 [0139] Next, as shown in Figure 22A, an insulator 13 
is mounted to each of the slots 59c of the laminated body 
59. This laminated body 59 is formed into a rectangular 
parallelepiped by laminating and integrating a large 
number of pressed magnetic steel plates. Trapezoidal 
25 tooth portions 59b are formed at a predetermined pitch 
on one side of a core back portion 59a, flange portions 
59d being formed on tip portions of each of the tooth 
portions 59b. Ninety-six slots 59c are formed. As shown 
in Figure 22B, two winding assemblies 58 are stacked 
30 and mounted to the laminated body 59 from the opening 
ends of the slots 59c. Hence, the winding assemblies 
58 are mounted to the laminated body 59 such that four 
slot-housed portions 60a are housed in each of the slots 
59c so as to line up in a single row in a slot depth direc- 
ts tion with the longitudinal axes of the rectangular cross 
sections thereof aligned in the slot depth direction. 
[0140] Thereafter, as shown in Figure 25C, the lami- 
nated body 59 mounted with the two winding assemblies 
58 is bent into an annular shape, first and second ends 
40 of the laminated body 59 bent into the annular shape 
are abutted, and the abutted portion is laser welded. The 
laminated body 59 integrated by welding the first and 
second ends thereof becomes the stator core 51 . 
[0141] The stator 50 is obtained by connecting the 
45 conductor wires 60 based on the connection method 
shown in Figure 16. 

[0142] Hence, similar effects to those in Embodiment 
1 above can also be achieved in the method for manu- 
facturing this stator 50 because the flange portions 51 d 
50 are simultaneously formed at the stage when the lami- 
nated body 59 is prepared and the flange portions 51 d 
can be formed by press forming. 

[01 43] The above embodiments have been explained 
.for slot-housed portions formed with rectangular cross 
55 sections, but the slot-housed portions need only have a 
flat cross-sectional shape, and cross-sectional shapes 
such as rectangles, ovals, and bullet shapes can be 
used. 
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[0144] Furthermore, the coil end portions are ex- 
plained as being formed with circular cross sections, but 
the coil end portions need only have an approximately 
circular cross-sectional shape, and cross-sectional 
shapes such as circles, ellipses, etc., can be used. 
[0145] The present invention is constructed in the 
above manner and exhibits the effects described below. 
[0146] According to one aspect of the present inven- 
tion, there is provided a statorfor an alternator including: 

a statorcore including: 

an annular core back portion; 
tooth portions each projecting radially inward 
from the core back portion, the tooth portions 
being disposed at a predetermined pitch in a 
circumferential direction; 
slots defined by adjacent pairs of the tooth por- 
tions; and 

flange portions projecting to first and second 
circumferential sides from tip portions of the 
tooth portions; and 

stator winding composed of a plurality of winding 
phase portions each installed in the stator core in a 
slot group constituted by a group of the slots dis- 
posed at intervals of a predetermined number of 
slots, 

wherein each of the winding phase portions is con- 
structed by installing a conductor wire in a distributed 
winding in the slot group so as to project from first and 
second ends of the slots, be distributed on f irst and sec- 
ond circumferential sides, and enter each of the slots 
the predetermined number of slots away on the first and 
second circumferential sides, 

each of slot-housed portions of the conductor wire 
housed in the slots is formed with a flat cross section, 

each of coil end portions of the conductor wire link- 
ing end portions of the slot-housed portions is formed 
with a substantially circular cross section, and 

the slot-housed portions are housed inside each 
of the slots in a plurality of layers so as to be arranged 
in at least a single row in a radial direction, 

enabling improvements in space factor, thereby 
enabling an alternator having high output to be 
achieved, and also suppressing damage to an electri- 
cally-insulating coating resulting from rubbing among 
the coil end portions and suppressing damage to the 
electrically-insulating coating resulting from bending 
stresses arising due to contact among the coil end por- 
tions, thereby providing a stator for an alternator having 
superior electrical insulation. 

[01 47] A circumferential width of the slot-housed por- 
tions may substantially match a circumferential width of 
the slots, the slot-housed portions being housed inside 
the slots so as to be stacked in a radial direction and 
arranged in a single row, suppressing displacement of 



the slot-housed portions inside the slots accompanying 
vibration, thereby improving electrical insulation. 
[0148] The slot-housed portions may be formed such 
that the circumferential width thereof is larger than a 
5 width of an opening of the slots, preventing dislodgment 
of the slot-housed portions. 

[0149] The slots may be formed into a substantially 
trapezoidal shape tapering radially inward, and the slot- 
housed portions arranged inside the slots in a radial di- 

10 rection are formed such that the flatness ratio of each 
slot-housed portion decreases sequentially from an out- 
er radial side to an inner radial side decreases so as to 
conform the slot-housed portions conform to the sub- 
stantially trapezoidal shape of the slots, reliably sup- 

*5 pressing displacement of the slot-housed portions in- 
side the slots accompanying vibration, th'ereby further 
improving electrical insulation. 

[0150] The conductor wire may include slot-opening 
passing portions having a flat cross-sectional shape 
20 formed at a boundary portion between the slot-housed 
portions and the coil end portions at a first axial end of 
the stator core, the slot-opening passing portions being 
disposed such that longitudinal axes of the cross sec- 
tions thereof are substantially aligned in a radial direc- 
ts tion, and the slot-opening passing portions being formed 
such that a circumferential width thereof is smaller than 
a width of an opening of the slots, enabling contact be- 
tween the stator winding and the stator core to be re- 
duced during mounting of the stator winding into the sta- 
30 tor core. 

[0151] The slots may be formed at a ratio of a plural 
number per phase per pole, narrowing the shape of the 
slots, thereby enabling reductions in the size of the flat- 
ness ratio of the slot-housed portions. As a result, the 
35 occurrence of damage to the electrically-insulating coat- 
ing when the slot-housed portions are given flat cross 
sections is suppressed. 

[0152] An electrically-insulating resin may be applied 
to a coil end group constituted by the coil end portions 
40 of the plurality of winding phase portions, eliminating 
rubbing among the coil end portions, thereby improving 
electrical insulation. 

[0153] According to another aspect of the present in- 
vention, there is provided a method for manufacturing a 
45 stator for an alternator, the stator including: 

a stator core including: 

an annular core back portion; 
50 tooth portions each projecting radially inward 

from the core back portion, the tooth portions 
being disposed at a predetermined pitch in a 
circumferential direction; 

slots defined by adjacent pairs of the tooth por- 
55 tions; and 

flange portions projecting to first and second 
circumferential sides from tip portions of the 
tooth portions; and 
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stator winding composed of a plurality of distributed 
winding phase portions each installed in the stator 
core in a slot group constituted by a group of the 
slots disposed at intervals of a predetermined 
number of slots, the method including steps of: 

preparing the stator core by laminating and in- 
tegrating a magnetic steel sheet; 
preparing an annular winding unit by winding a 
conductor wire formed with a substantially cir- 
cular cross section into a ring shape for a pre- 
determined number of winds; 
preparing a star-shaped winding unit by bend- 
ing the annular winding unit into a star-shaped 
pattern such that straight slot-housed portions 
are arranged at a predetermined slot pitch in a 
circumferential direction with a longitudinal di- 
rection thereof substantially aligned in a radial 
direction, end portions of slot-housed portions 
separated by the predetermined slot pitch in ap- 
proximately half of the slot-housed portions are 
alternately linked on an inner circumferential 
side and an outer circumferential side by first 
U-shaped coil end portions, end portions of 
slot-housed portions separated by the prede- 
termined slot pitch in a remainder of the slot- 
housed portions are alternately linked on an in- 
ner circumferential side and an outer circumfer- 
ential side by second U-shaped coil end por- 
tions, and the first coil end portions linking the 
end portions of approximately half of the slot- 
housed portions and the second coil end por- 
tions linking the end portions of the remainder 
of the slot-housed portions face each other in 
a radial direction; 

plastically deforming the slot-housed portions 
of the star-shaped winding unit into a flat cross 
section; 

preparing a cylindrical distributed winding unit 
by reshaping the star-shaped winding unit such 
that the slot-housed portions are arranged at 
the predetermined slot pitch in a circumferential 
direction with a longitudinal direction thereof 
parallel to an axial direction; and 
mounting the distributed winding unit into the 
stator core from an axial direction by inserting 
the slot-housed portions inside the slots while 
passing a portion of the coil end portions at a 
first axial end of the distributed winding unit be- 
tween the flange portions constituting slot 
openings, 

enabling a stator having a high space f actorand 
superior electrical insulation to be achieved, 
and also providing a stator for an alternator en- 
abling the shape of the tips of the tooth portions 
to be formed with high dimensional precision. 

[0154] There may be further included the step of 



bending the coil end portions at the first axial end of the 
distributed winding unit radially inward before the step 
of mounting the distributed winding unit into the stator 
core, facilitating mounting of the distributed winding unit 

5 to the stator core. 

[01 55] There may be further included the step of form- 
ing slot-opening passing portions having a flat cross 
section by plastically deforming the coil end portions in 
a vicinity of the slot-housed portions at the first axial end 

10 of the distributed winding unit before the step of mount- 
ing the distributed winding unit into the stator core, re- 
ducing contact between the conductor wires and the sta- 
tor core during mounting of the distributed winding unit 
to the stator core, thereby suppressing electrically-insu- 

15 lating degradation resuming from damage to the electri- 
cally-insulating coating. 

[0156] All of the slot-housed portions constituting the 
star-shaped winding unit may be press formed simulta- 
neously in the step of plastically deforming the slot- 

20 housed portions of the star-shaped winding unit into the 
flat cross section, simplifying the manufacturing proc- 
ess, thereby shortening manufacturing time. 
[0157] The slot-housed portions of the star-shaped 
winding unit constituting the slot-housed portions of the 

25 distributed winding unit may be mounted into each of 
the slots so as to align in layers in a radial direction of 
the slots in the step of mounting the distributed winding 
unit into the stator core, and the slot-housed portions of 
the star-shaped winding unit may be press formed layer 

30 by layer in the step of plastically deforming the slot- 
housed portions of the star-shaped winding unit into the 
flat cross section, the slot-housed portions of the star- 
shaped winding unit in each respective layer being 
press formed simultaneously, enabling the cross-sec- 

35 tional shape of the slot-housed portions to be easily 
formed so as to conform to the shape of the slots. 
[0158] A plurality of the distributed winding units con- 
stituting the stator winding may be stacked concentri- 
cally so as to offset the slot-housed portions in each dis- 

40 tributed winding unit by a pitch of one slot in a circum- 
ferential direction and be mounted into the stator core 
simultaneously in the step of mounting the distributed 
winding unit into the stator core, simplifying the manu- 
facturing process, thereby shortening manufacturing 

45 time. 



Claims 

50 1 . A stator for an alternator, comprising: 

a stator core (41 ,41 A, 51) comprising: 

an annular core back portion (41 a,51 a); 
55 tooth portions (41b, 51b) each projecting 

radially inward from said core back portion 
(41a,51a), said tooth portions (41b,51b) 
being disposed at a predetermined pitch in 
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a circumferential direction; 

slots (41 c,51 c) defined by adjacent pairs of 

said tooth portions (41b,51b); and 

flange portions (41d,51d) projecting to first 

and second circumferential sides from tip 5 

portions of said tooth portions (41b,51b); 

and 

stator winding (42,42A,52) composed of a plu- 
rality of winding phase portions (43,43A,55) 10 
each installed in said stator core (41 ,41 A,51 ) in 
a slot group constituted by a group of said slots 
(41c,51c) disposed at intervals of a predeter- 
mined number of slots, 

15 

characterized in that each of said winding 
phase portions (43.43A.55) is constructed by in- 
stalling a conductor wire (44,60) in a distributed 
winding in said slot group so as to project from first 
and second ends of said slots (41c,51c), be distrib- 20 
uted on first and second circumferential sides, and 
enter each of said slots (41c,51c) said predeter- 
mined number of slots away on said first and sec- 
ond circumferential sides, 

each of slot-housed portions (44a,44c,60a) of 25 
said conductor wire (44,60) housed in said slots is 
formed with a flat cross section, 

each of coil end portions (44b,60b) of said 
conductor wire (44,60) linking end portions of said 
slot-housed portions (44a,44c,60a) is formed with 30 
a substantially circular cross section, and 

said slot-housed portions (44a,44c,60a) are 
housed inside each of said slots,(41c,51c) in a plu- 
rality of layers so as to be arranged in at least a sin- 
gle row in a radial direction. 35 

2. The stator for an alternator according to Claim 1 
wherein a circumferential width of said slot-housed 
portions (44a,60a) substantially matches a circum- 
ferential width of said slots (41c : 51c), said slot- 40 
housed portions (44a,60a) being housed inside 
said slots (41c,51c) so as to be stacked in a radial 
direction and arranged in a single row. 

3. The stator for an alternator according to Claim 1 «s 
wherein said slots (41c) are formed into a substan- 
tially trapezoidal shape tapering radially inward, 
and said slot-housed portions (44c) arranged inside 
said slots (41 c) in a radial direction are formed such 
that the flatness ratio of each slot-housed portion 50 
(44c) decreases sequentially from an outer radial 
side to an inner radial side decreases so as to con- 
form said slot-housed portions (44c) conform to 
said substantially trapezoidal shape of said slots 
(41c). 55 

4. The stator for an alternator according to any one of 
Claims 1 to 3 wherein said conductor wire (44) com- 



prises slot-opening passing portions (44d) having a 
flat cross-sectional shape formed at a boundary 
portion between said slot-housed portions (44a) 
and said coil end portions (44b) at a first axial end 
of said stator core (41 : 41 A), said slot-opening pass- 
ing portions (44d) being disposed such that longitu- 
dinal axes of the cross sections thereof are substan- 
tially aligned in a radial direction, and said slot- 
opening passing portions (44d) being formed such 
that a circumferential width thereof is smaller than 
a width of an opening of said slots (41c). 

5. A method for manufacturing a stator for an alterna- 
tor, said stator comprising: 

a stator core (41 ,41 A) comprising: 

an annular core back portion (41a); 
tooth portions (41b) each projecting radial- 
ly inward from said core back portion (41 a) , 
said tooth portions being disposed at a pre- 
determined pitch in a circumferential direc- 
tion; 

slots (41 c) defined by adjacent pairs of said 
tooth portions (41b); and 
flange portions (41 d) projecting to first and 
second circumferential sides from tip por- 
tions of said tooth portions (41b); and 

stator winding (42.42A) composed of a plurality 
of distributed winding phase portions (43,43A, 
47) each installed in said stator core (41 ,41 A) 
in a slot group constituted by a group of said 
slots disposed at intervals of a predetermined 
number of slots, the method comprising steps 
of: 

preparing said stator core (41 ,41 A) by lam- 
inating and integrating a magnetic steel 
sheet; 

preparing an annular winding unit (45A, 
45B.48) by winding a conductor wire (44A) 
formed with a substantially circular cross 
section into a ring shape for a predeter- 
mined number of winds; 
preparing a star-shaped winding unit 
(46,49) by bending said annular winding 
unit (45A,45B,48) into a star-shaped pat- 
tern such that straight slot-housed portions 
(46a,49a) are arranged at a predetermined 
slot pitch in a circumferential direction with 
a longitudinal direction thereof substantial- 
ly aligned in a radial direction, end portions 
of slot-housed portions (46a,49a) separat- 
ed by said predetermined slot pitch in ap- 
proximately half of said slot-housed por- 
tions (46a,49a) are alternately linked on an 
inner circumferential side and an outer cir- 
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cumferential side by first U-shaped coil end 
portions (46b,49b), end portions of slot- 
housed portions (46a, 49a) separated by 
said predetermined slot pitch in a remain- 
der of said slot-housed portions (46a,49a) 5 
are alternately linked on an inner circum- 
ferential side and an outer circumferential 
side by second U-shaped coil end portions 
(46b,49b), and said first coil end portions 
(46b,49b) linking said end portions of ap- 10 
proximately half of said slot-housed por- 
tions (46a,49a) and said second coil end 
portions (46b, 49b) linking said end por- 
tions of said remainder of said slot-housed 
portions (46a,49a) face each other in a ra- is 
dial direction; 

plastically deforming said slot-housed por- 
tions (46a,49a) of said star-shaped wind- 
ing (46,49) unit into a flat cross section; 
preparing a cylindrical distributed winding 20 
unit (47) by reshaping said star-shaped 
winding unit (46,49) such that said slot- 
housed portions (47a) are arranged at said 
predetermined slot pitch in a circumferen- 
tial direction with a longitudinal direction 25 
thereof parallel to an axial direction; and 
mounting said distributed winding unit (47) 
into said statorcore (41 ,41 A) from an axial 
direction by inserting said slot-housed por- 
tions (47a) inside said slots (41c) while 30 
passing a portion of said coil end portions 
(47b) at a first axial end of said distributed 
winding unit (47) between said flange por- 
tions (41 d) constituting slot openings. 

35 

6. The method for manufacturing a stator for an alter- 
nator according to Claim 5 further comprising the 
step of bending said coil end portions (47b) at said 
first axial end of said distributed winding unit radially 
inward before the step of mounting said distributed 40 
winding unit (47) into said stator core (41 ,41 A). 

7. The method for manufacturing a stator for an alter- 
nator according to either of Claims 5 or 6 further 
comprising the step of forming slot-opening passing 45 
portions (44d) having a flat cross section by plasti- 
cally deforming said coil end portions (47b) in a vi- 
cinity of said slot-housed portions (47a) at said first 
axial end of said distributed winding unit (47) before 

the step of mounting said distributed winding unit so 
(47) into said stator core (41 ,41 A). 

8. The method for manufacturing a stator for an alter- 
nator according to any one of Claims 5 to 7 wherein 

all of said slot-housed portions (46a, 49a) constitut- 55 
ing said star-shaped winding unit (46,49) are press 
formed simultaneously in the step of plastically de- 
forming said slot-housed portions (46a,49a) of said 



star-shaped winding unit (46,49) into the flat cross 
section. 

9. The method for manufacturing a stator for an alter- 
nator according to any one of Claims 5 to 7 wherein 
said slot-housed portions (46a,49a) of said star- 
shaped winding unit (46,49) constituting said slot- 
housed portions (47a) of said distributed winding 
unit (47) are mounted into each of said slots (41c) 
so as to align in layers in a radial direction of said 
slots in the step of mounting said distributed winding 
unit (47) into said stator core (41 ,41 A), and said 
slot-housed portions (46a,49a) of said star-shaped 
winding unit (46,49) are press formed layer by layer 
in the step of plastically deforming said slot-housed 
portions (46a,49a) of said star-shaped winding unit 
(46,49) into the flat cross section, said slot-housed 
portions (46a,49a) in each respective layer being 
press formed simultaneously. 

10. The method for manufacturing a stator for an alter- 
nator according to any one of Claims 5 to 7 wherein 
a plurality of said distributed winding units (47) con- 
stituting said stator winding (42,42A) are stacked 
concentrically so as to offset said slot-housed por- 
tions (47a) in each distributed winding unit (47) by 
a pitch of one slot in a circumferential direction and 
are mounted into said stator core (41 ,41 A) simulta- 
neously in the step of mounting said distributed 
winding unit (47) into said stator core. 
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